We evaluated posaconazole serum concentrations and hepatotoxicity in 12 leukemia patients who transitioned from posaconazole suspension to tablets. Patients who switched to tablets had significantly increased posaconazole concentrations (median: suspension, 748 ng/ml; tablet, 1,910 ng/ml; P < 0.01) without clinically relevant hepatotoxicity.
D
espite concerns of poor bioavailability, posaconazole (POSA) suspension has been used effectively as prophylaxis and as a salvage treatment of invasive fungal infections with rare clinical hepatotoxicity (1) . Higher serum concentrations of POSA suspension were associated with higher response rates in treatment of invasive aspergillosis (2) . Recent studies (3) (4) (5) (6) have suggested that the absorption of the new formulation of POSA delayed-release tablets is minimally affected by food, mucositis, or increased gastric pH and impaired motility and that the new tablet formula also attains higher average concentrations than the suspension does and is well tolerated in healthy subjects. However, no studies about patients who were "bridged" from POSA suspension to tablets have been published to date. We report our early experience in leukemia patients who switched from POSA suspension to delayed-release tablets.
Pharmacy databases were queried for adult cancer (Ͼ18 years of age) patients who were switched from POSA suspension (400 mg twice daily or 200 mg 4 times daily) to tablets (300 mg once daily) at The University of Texas MD Anderson Cancer Center from December 2013 to January 2014. Once POSA tablets were added to the formulary, a general trend seen in our hematologic malignancy patient population was that physicians would independently transition almost all current and future patients to tablets despite suspension remaining on the formulary. We identified 12 patients with leukemia who were treated as such. Validated high-performance liquid chromatography (HPLC) assay-tandem mass spectrometry (performed at Mayo Clinic Department of Laboratory Medicine and Pathology, Rochester, MN) was used to measure posaconazole concentrations in blood (7). All patients who had serum POSA levels recorded during both the POSA suspension and tablet periods were identified. POSA concentrations were included in the analysis only if the data were obtained 7 days after POSA administration, as steady state of the drug should be reached at this time for both suspension and tablet (4, 8) . The patients' medical records were reviewed for demographic, clinical, and laboratory characteristics (Table 1) . Target serum POSA levels were defined as greater than 700 ng/ml for prophylaxis and greater than 1,000 ng/ml for treatment (9) . Clinically relevant hepatotoxicity, mucositis, and diarrhea were defined according to the Common Terminology Criteria for Adverse Events (CTCAE; version 4.0) (10). The study was approved by the Institutional Review Board of the MD Anderson Cancer Center. Six of the 12 patients had neutropenia (absolute neutrophil count, Ͻ500/l). Five had undergone hematopoietic stem cell transplantation, and 3 had graft-versus-host disease (GvHD). Nine (75%) patients received POSA tablets for treatment of a documented fungal infection, and 3 (25%) patients received POSA tablets for prophylaxis (Table 1) .
We included 21 suspension and 30 tablet levels in the analysis. When the patients received POSA tablets, target POSA levels for prophylaxis (Ͼ700 ng/ml) and for treatment (Ͼ1,000 ng/ml) were reached in 29 of 30 (97%) serum levels and in 25 of 30 (83%), respectively. When patients received POSA suspension, only 12 of 21 (57%) serum levels reached target levels for prophylaxis, and only 5 of 21 (24%) reached target levels for treatment (Fig. 1A) .
Comparative measurements were available for 9 patients, as 3 were excluded either because the serum levels were measured too early or because of missing data. Patients had higher median POSA serum concentrations (1,910 ng/ml) during the POSA tablet period than during the POSA suspension period (748 ng/ml) (P Ͻ 0.01). The POSA serum concentration significantly increased in 9 patients after they switched from the suspension to tablets (P Ͻ 0.01, Wilcoxon signed-rank test) (Fig. 1B) . GvHD, diarrhea, and acid-suppressing agents, all of which are known to decrease serum POSA suspension (9, 11, 12) , were not associated with reduction of the median serum POSA concentration below 1,000 ng/dl in the patients when they received the POSA tablets (P Ͼ 0.05, Fisher exact test).
Five of the 9 patients who had normal baseline liver function tests (LFTs) when starting POSA tablets had mild, asymptomatic increases in LFTs (CTCAE grade 2 or less) 7 days after POSA tablet treatment. Total bilirubin elevation constituted the majority of these abnormalities (80%). The liver enzymes returned to the normal range within 3 weeks, even though patients continued to receive POSA tablets. Of the 3 patients who had abnormal LFTs, 2 patients had decreased liver enzyme levels after taking POSA tablets; only one patient, who had severe GvHD (skin, liver, grade 3), experienced sustained and increased LFTs in spite of discontinuation of POSA tablets. It is unclear what the POSA contributed to increased LFTs in the setting of existing liver GvHD. As such, POSA tablets were well tolerated in our patients.
Our study is the first to evaluate serum POSA concentration differences and hepatotoxicity associated with transitioning from POSA suspension to tablets in high-risk patients with leukemia. We found that switching from POSA suspension to tablets reliably resulted in increased serum POSA levels, which supports the findings of a similar study in healthy subjects (4) and a phase 1B/3 study in leukemic patients (6) . Our patients did not experience treatment-limiting hepatotoxicity as a result of the increased serum POSA levels.
Our findings suggest that for prophylaxis or treatment of invasive fungal infections in this severely ill population, POSA tablets are better absorbed than is POSA suspension in accordance with previous studies (3) (4) (5) (6) . When patients received POSA suspension, their serum POSA levels poorly reached prophylactic and treatment target levels. However, when patients were switched to POSA tablets, serum POSA levels significantly increased, reaching both prophylactic and treatment target levels (Fig. 1) . Moreover, regardless of potential variables affecting absorption (11, 12) , most of the serum POSA levels measured when the patients received the tablets reached target levels similar to results of recent studies in both healthy subjects (3-5) and a patient with leukemia (6) and were higher than the serum levels measured when the patients received POSA suspension and did not cause clinically relevant hepatotoxicity.
In conclusion, our preliminary experience suggests that POSA tablets switched from suspension were well absorbed, tolerated, and safe in patients with hematologic cancer. Future studies with larger numbers of patients may be needed to clarify a relationship between POSA serum level and hepatotoxicity.
